Absolute dates of cave bears from Northern Italy are rare. The first radiocarbon date from Covoli di Velo Cave (Verona Province, Veneto, N. Italy) from a cave bear first phalanx is reported; its value is 29,130 ± 0.90 14 C yr BP. The date, combined with morphological features of dentition suggest that cave bear populations that lived in Northern Italy were relatively underived compared to other European populations, hinting at patters of migration. Comparison of dental morphology suggest that the Covoli di Velo bear is Ursus spelaeus.
Introduction
In recent years, knowledge of the paleobiology of the cave bear (Ursus spelaeus Rosenmüller, 1794) has greatly expanded. This is a consequence of numerous studies on the morphometry (historically the most common study) on the morphodynamics of the dentition (i.e. Torres, 1988 a-f; Withalm, 2001; Rabeder, 1999 Rabeder, , 2014 Grandal d'Anglade and López-González, 2004; Sabol, 2005; Tsoukala et al., 2006; Baryshnikov and Puzachenko, 2011; Cvetković and Dimitrijević, 2014; Frischauf, 2014; Robu, 2016; Plichta et al., 2017) , absolute dating, as well as genetics (Hofreiter et al., 2002; Orlando et al., 2002; Rabeder et al., 2004; Pacher and Stuart, 2008; Spötl et al., 2014 Spötl et al., , 2017 Martini et al., 2014; Döppes et al., 2016 Döppes et al., , 2018 Baca et al., 2016 Baca et al., , 2017 Fortes et al., 2017; Gretzinger et al., 2017; Terlato et al., 2018 and so on). The most important results of this knowledge have been to modify the phylogenetic tree of the cave bear. In fact, when considering overall the genetic data, different species of cave bears have been identified (Ursus ingressus, U. spelaeus eremus and U. spelaeus ladinicus) (Rabeder et al., 2004) with their distribution throughout Europe (Doppes et al, 2018) . In Italy, morphometric and morphodynamic studies are numerous (i.e. Rossi, 2001, 2014; Santi et al., 2003 Santi et al., , 2011 De Carlis et al., 2005; Rabeder et al., 2004) , but genetic studies and reports on absolute dating are very rare. With this in mind, the present study presents the results of the first absolute dating with 14 C (authorization MBAC-SBA-VEN 05 0015108 19/11/2014), performed on the first phalanx of U. spelaeus found in recent surveys coordinated by one of the Authors (R.Z.), in sector B L1/Z2 sup. 1 of the excavation in the Covoli di Velo Cave (Grotta inferiore) (Verona, Veneto) (cadastral number 44 V VR) (Fig. 1 A) . The specimen (I.G.VR 63925) is stored in the Department of Geology and Paleontology, Civic Museum of Natural History of Verona (Veneto region, Northern Italy). This new information greatly improves the state of knowledge gathered in prior excavations (Bona et al., 2006) .
Covoli di Velo Cave: Research History
Since the 18th Century, Covoli di Velo Cave has been the object of study by the most important noted naturalists of the Verona area. The first definite report of this site goes back to the late 1700's, when the Abbot Fortis, in a letter (24 September 1785) sent to the Count de Cassini, (Fortis, 1786) described and identified the bones from the cave as "amfibj" (amphibians). A few years later, Serafino Volta (1796) corrected Fortis, proposing that the bones belonged to continental animals. Later, Catullo (1844) visited the cave confirming the presence of a lot of bones, and Massalongo (1851) accurately described both the Covoli di Velo Cave geology and added to the collection of fossils from the site. With his precisely detailed description of the Covoli di Velo Cave, Massalongo proposed some hypotheses supported by tables and by beautiful illustrations, on the origin of both the cave and bones. Although some of the hypotheses were not accurate, the study by Massalongo is considered the first scientific study on the Covoli di Velo Cave.
Omboni (1875) published an important memoir about this cave in which he described and illustrated various paleontological remains. He pointed out the problem of the lack of research and of excavations using scientific methods, and that this created a risk of lost scientific knowledge about the history and taphonomy of the accumulated fossils. Omboni also mentioned the problem of illegal excavations, which went on for decades and ruined a significant amount of paleontological data. In fact, while some scientists gathered a paltry number of fossils, the locals (Benetti and Cristoferi, 1968; Benetti and Sauro, 1999) made profits by selling cave sediments as topsoil, and sold the bones, whole or crushed, as good fertilizer. For these reasons, the collection of bones was eventually prohibited. However, the illegal excavations by collectors and dealers, continued for many decades. In the first half of 20th Century, a few authors studied the Covoli di Velo Cave, but did not add scientific data (Fabiani, 1919) .
In 1970, speleologists from the Centro Ricerche Idrologiche e Speleologiche Veronese (C.R.I.S.V.) discovered a new room (Benetti, 1973) ; that discovery confirmed that the explorations of the galleries with fossils was far from completed. Only in 2001 did the Ente Parco Naturale Regionale della Lessinia close the Grotta Inferiore, and the Museo Civico di Storia Naturale di Verona begin a series of paleontological excavations with the authorization of the Ministero dei Beni e delle Attività Culturali that continued until 2008.
Stratigraphy of the Grotta Inferiore of Covoli di Velo Cave
The karst system of Covoli di Velo Cave is located in one of the most interesting areas of the central-eastern part of the Lessini Mountains (Verona province-Veneto) because of its geology and paleontological content (Bon et al., 1991) . The cave opens into the Valley of Covolo, a tributary of the deep Valley Illasi (Fig. 1A) .
The karst system of the Covoli di Velo Cave is composed of three main chambers: Grotta superiore and Grotta inferiore or Grotta dell´orso (totalling 364 m long), the Covolo dell´Acqua (65 m long), and some minor tunnels. The cave principally has a sub-horizontal direction, with the mouth of the cave opening at about 870 m above sea level. The cave is formed in oolitic calcarenites, a local dolomitization of the Calcari Grigi di Noriglio Formation (Lower Jurassic).
In the cave, the connections between the passageways, are often limited and may be blocked by large alluvial and collapse deposits, that in various ways close the chambers (Zorzin and Rossi, 1999) . The Grotta inferiore of the Covoli di Velo (cadastral number 44 V VR), preserves a great quantity of Ursus gr. spelaeus fossils. For this reason in October 2001, the Geology and Paleontology Section of the Civic Museum of Natural History of Verona (Zorzin and Bona, 2002) began a long series of excavations performed with scientific methods; about 3,000 specimens (most belonging to Ursus spelaeus) were gathered.
Besides the Ursus fossils, the macrofauna association is composed of: Crocuta spelaea, Canis lupus and Capra ibex. The microfauna assemblage is composed of: Glis glis, Microtus arvalis, Microtus agrestis, Microtus oeconomus, Chionomys nivalis, Dinaromys bogdanovi, Terricola sp., Sorex minutus, Myotis blythi, Myotis sp., Miniopterus schreibersi, and Rhinolophus sp.
Paleontological excavations have been performed in the small areas inside the "sala terminale," located about 150 m from the entrance, along the western wall, called sector A and another, called sector B on the eastern side (Fig. 1B) .
Stratigraphy of Sector A
Sector A is an area of about 12 m 2 , divided in squares, where the team started working in 2001 and continues until now. Each 1-meter-grid square, is designated by at least one letter followed by a number (AA1, AA2, AA3, A1, A2, A3, B1, B2, B3, C1, C2, C3). At the conclusion of the last excavation, a depth of 2.8 m had been reached, using the cave floor as the datum mark on the wall of the cave as zero level (Fig. 1C) .
From trampling surface these levels have been identified as: Level 0: It is the uppermost level, principally composed of landslide material coming from the collapse of the above wall, with calcareous blocks of variable dimensions, up to 1 m 2 . Among the clasts the matrix is composed of dark clay. This level reaches a maximum depth of 90 cm; a few bones, including ibex, a very important vertebrate for paleoenvironmental interpretations, were found.
Level 1: This level is composed of slightly laminated, clayey silt. The layers alternate between yellow, silty sheets with a maximum thickness of 1 mm, probably formed during periods of slightly fast-moving water through the cave system, and other sheets, black in colour. The dark layers probably are an accumulation of organic material, that perhaps settled out of especially calm waters. Sand lenses, with clasts of 2-3 mm in size, have also been observed. The thickness of level 1 reaches 40 cm and is paleontologically barren.
Level 1B is characterized by layers of laminated, clayey silt among numerous, large rock blocks, some with a volume of up to 250 dm 3 , and other smaller clasts. This level can be interpreted like level 1, but the sheets of clayey silt have been deformed by the rock blocks. The thickness of this level is about 40 cm, and this level is very poor in fossils.
Level 2 is composed of especially angular clasts of various sizes. The matrix is of dark clay. Clasts are placed in a sub-horizontal disposition, forming the evident surfaces. At present, three, main paleosurfaces are identified; the surfaces are characterized by clasts and bones, also placed in a sub-horizontal position, and by an increased presence of sandy and clayey components. The matrix shows a blackish coloration from the accumulation of organic material, which is the consequence of animal decomposition. In alternation to these surfaces, there are lenses of laminated, clayey silt with maximum bed thickness of 1 mm. This level is the richest in fossils. On the three paleosurfaces abundant limb bones, a large fragment of a skull belonging to U. spelaeus, and one metatarsal of a wolf, were found (Zorzin and Bona, 2002 ).
Stratigraphy of Sector B
Beginning in 2002, excavations concentrated in sector B on a surface of about 9 m 2 . Each 1 m 2 grid is designated by letters and numbers (L1, L2, L3, M1, M2, M3, N1, N2, N3). The depth of the excavation has been 1.8 m (October 2008) from the cave floor, located 1 m below the datum mark (Fig. 1D) .
At present there are two stratigraphic levels: Level Z1: This level is composed of a finely laminated, clayey silt with 1 mm thick beds, alternating with black beds. The yellow layers are mainly composed of silt and probably formed by the accumulation of fine material, carried by water and deposited in relatively calm waters. Alternating with those beds are black layers, formed by the deposition of organic material, perhaps deposited from remarkably calm waters. Some gravel and sand lenses are also found. The level Z1 is 90 cm thick. Bone fossils are absent.
Level Z2: Five distinct layers (paleosurfaces), formed by poorly sorted and angular clasts and bones, sub-horizontally deposited, have been identified (Fig. 2) . The matrix is clayey in composition and brown in color due to accumulation of organic substances. Included within the paleosurfaces are some lenses of clayey silt with laminae of 1 mm maximum thickness. All paleosurfaces of level Z2 are rich in U. spelaeus bones, some of which are large in size; among them, some almost complete skulls have been found. Furthermore, some bones of ibex and a femur of a wolf have also been collected (Zorzin et al., 2005) .
The clear, stratigraphic similarity between the levels 1 and 2 of sector A and levels Z1 and Z2 of sector B, allows us to hypothesize a depositional uniformity in the levels of two excavation areas. It is still not clear if the paleosurfaces of levels 2 and Z2 can be considered as distinct, separate levels, or if they are different areas of a single level. This question can be solved only by future excavations.
In December 2004, sediment samples from different levels of sector B were collected to search for micromammals (Bona et al., 2006) and three cores were collected to extract pollen. From these studies Bona et al. (2006) preliminarily concluded that at least two analysed pollen samples (lev. Z2 sup. 3 and lev. Z2 sup. 5) indicated an age attributable to about 18,000 years 14 C.
Material and Methods
The Curt Engelhorn-Centre for Archaeometry (CEZA) received a bone sample (cave bear, first phalanx from L1/Z2 sup.) to determine the age by 14 C with the MICADAS Accelerator at their subsidiary institute, Klaus-Tschira-Archaeometry Center. Collagen was extracted from the bone and the fraction > 30kD separated by ultrafiltration. This fraction was freeze-dried and combusted. The CO 2 was catalytically reduced to graphite.
The radiocarbon data is shown in Table 1 . The 14 C age is normalized to δ 13 C = −25 ‰ (Stuiver and Pollach, 1977) . The δ 13 C value comes from the measurement of the isotope ratios in the accelerator; its error is approximately 2-3 ‰. The value can be different than the true value of the sample material because of isotope separation during sample preparation, and in the ion source of the accelerator. So, the value is only used to correct the fractionation effects. The value is, therefore, not comparable with the measurement in a mass spectrometer for stable isotopes (IRMS) and is not used for further data interpretation.
The C:N ratio and carbon content of the collagen extracted are comparable to modern bones, and the collagen preservation of the sample is good.
Radiocarbon data is, by default, reported as conventional 14 C age yr BP. This should not be taken as a calendar age. The origin of this convention lies in the fact that, originally, the 14 C data was converted to an age by using the radioactive decay equation, the radiocarbon half-life and the assumption that the atmospheric 14 C content is constant over time. Unfortunately, it turned out that the atmospheric content is not constant. Radiocarbon is produced in the atmosphere by interaction of neutrons with nitrogen, while neutrons are produced by galactic, cosmic rays entering the atmosphere. 14 C production rates vary due to changes of cosmic ray influx, which is driven by solar and terrestrial magnetic varia- tions and other sources (Damon et al., 1978) . To cope with this, a calibration curve was established using several other methods, such as dendrochronology (until approximately 10,000 BC), Uranium-Thorium dating of speleothems and corals, and varve counting, to name a few. The chronologic limitations of radiocarbon dating are due to the half-life of 14 C, which is 5,730 ± 0.40 years. After 10 half-lives, usually, most of the isotopes are decayed, therefore no material older than 50,000 years can be dated reliably with this method (Reimer et al., 2013; Olsson, 2009) .
Calibrated ages are usually quoted with a 1-sigma error range, corresponding to a confidence probability of 68.3%. It rises to 95.5% for 2-sigma. The calibration here was performed using the program SWISSCAL 1.0 (L. Wacker, ETH Zurich) with the INTCAL13 dataset.
Discussion and Conclusion
The results of the 14 C dating performed on the first phalanx of the Ursus spelaeus (I.G.VR 63925) (29,130 ± 0.90 yr BP), combined with pollen and faunal content preserved in the sector B of the cave (Figs. 1C-2) , indicates an age of about 10,000 years older than initial estimates (Bona et al., 2006, Table 2 ). Using pollen data from levels Z2 surfaces 3-5, an indirect date of 18,000 yr BP had been proposed (Bona et al., 2006) . These associations suggest the presence of two geological intervals (level Z2 and Z1), corresponding to two different climatic phases. In particular, inside level Z2 (the lower one), the presence of Capra ibex, Chyonomis nivalis, Dynaromis bogdanovi, Microtus eoconomus, Microtus arvalis and Microtus agrestis suggests a cool climate and a landscape characterized by poor forest cover with open spaces. The pollen data from the surfaces 3 and 5 of this level (Bona et al., 2006, Table. 2) confirms this reconstruction. In the level Z1, the disappearance of the Capra ibex, Chionomys nivalis, Dinaromys bogdanovi and Microtus oeconomus, and the appearance of the Glis glis confirms an increase in forest cover, even if it is characterized by the presence, on its margins or inside it, of open space as indicated by the presence of Microtus arvalis and Microtus agrestis and the appearance of Terricola sp. and Sorex minutus. During this phase the climate was more humid and warm, as the pollen data also indicates (Bona et al., 2006) .
The new date derived from the phalanx of U. spelaeus of the level Z2 surface 1 pushes back earlier age estimates by about 10,000 yr. This new date coincides perfectly with the climatic conditions during the advance of the ALGM (Al- pine Last Glacial Maximum) before a temperate-humid phase, indicated by the travertine deposits of the Sarca Valley, dated between 28,600 ± 0.300 yr BP and 33,200 ± 0.550 yr BP with AMS 14 C dating (R.J. Van de Graaf Laboratorium of Utrecht University) (Avanzini et al., 2000) . The date of 29,130 ± 0.90 yr BP for the U. spelaeus population of the Covoli di Velo Cave is especially interesting, being close to the estimated time of extinction for cave bears about 24,000 14 C yr ago (Pacher and Stuart, 2008) , although a more recent paper has estimated a slightly younger period (20,930 ± 0.140 14 C yr ago) (Baca et al., 2016) . Given dates on bears from other caves in Italy (Table 2) , the Covoli di Velo cave bear is probably from one of the last populations living in Italy (a specimen found in the Chiostraccio cave, Siena, Tuscany, dated at 24,030 ± 0.100 14 C yr BP (29,200 -28,550 cal yr BP) is the youngest cave bear in Italy (Martini et al., 2014) . It is coeval with the Gamssulzen population (U. ingressus) (Austria) (38,000 -25,400 yr BP) (Rabeder, 1999) , a population often utilized for comparison in evolutionary studies. Recently Terlato et al. (2018) produced two new chronological data for Paina and Trene localities (Berici Hills, Veneto region) of 19,686 ± 54 and 19,948 ± 55 respectively and actually considered the youngest cave bear in Italy.
Recently Rabeder (pers. com.) suggested that the Covoli di Velo population belongs to the U. ingressus species which inhabited mostly Eastern Europe, having been found in Romania, Slovenia, Ukraine, Czech Republic, Slovakia and Greece, but also found in Switzerland, Austria and Germany.
However, although several morphometric studies (i.e. Stoppini et al., 2007; Santi and Rossi, 2008; Rossi and Santi, 2013 ) indicated a very similar size range in both populations (the Covoli and Gamssulzen), the Covoli di Velo bears have very simple features in the dentition. The Gamssulzen population and other of U. ingressus have derived upper fourth premolars compared to other cave bears (Rabeder et al., 2004) . The Covoli di Velo population retains simple premolars, and is, consequently, particularly different from U. ingressus. The Covoli di Velo population shows strong similarity to U. spelaeus, which is more widely distributed in the western-central Europe regions (Rabeder et al., 2009 ), unlike U. ingressus (Rabeder et al., 2004 ).
The conclusion is that cave bears in the Italian Alps were evolutionarily conservative with large size and retention of simple dental morphologies. It is possible that a small number of bear populations with more-derived denture, for example the Basura cave population (Liguria region) (Quiles, 2004) , migrated from the western Alps region, and/or members of a population from the eastern regions of the Europe, could have migrated into Italy. Rabeder (1995) and Withalm (2014) have hypothesized that the more-derived populations appeared in the eastern regions of Europe and later moved to the west through alpine areas, creating the mix of archaic and modern features that characterized cave bear populations at the end of the Pleistocene. However, the lack of more-derived populations in the eastern Alps might be because the more-derived cave bears migrated to the south toward Greece, as indicated by the presence of U. ingressus in the Loutrá Aridéa (Macedonia) (Tsoukala et al., 2006) . To test all the hypotheses of evolution and migration, more morphological and genetic data from confidently-dated cave bear populations are necessary.
